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(54) DEVICE FOR MONITORING DEGREE OF AWAKENING 

(57)Abstract: 

PURPOSE: To provide the device for monitoring the 
degree of awakening which decides the degree of 
awakening by measuring a user's electrocardiogram 
and controls the environment corresponding to the 
degree of awakening or displays a warning. 
CONSTITUTION: This device consists of an 
electrocardiophic section 1 which measures the 
user's electrocardiogram, a degree of awakening 
deciding section 2 which decides the, user's degree of 
awakening in accordance with the measured 
electrocardiogram, an environmental control section 3 
which controls the environment in accordance with 
the user's degree of awakening, and a warning display 
section 4 which gives the warning display to the user 
when the user's degree of awakening is extremely low. 
Then, there is no room for the error by humidity, etc., 
to enter the result of the measurement as compared 
with the conventional technique which measures the 
electric resistance of the skin. The monitor of the 
degree of awakening with high accuracy is thus possible. 
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[0009] 

[Embodiment] 

Now, an embodiment of the present invention will be described by 
referring to Fig. 1. In Fig. 1, reference numeral 1 designates an 
electrocardiograph measuring part serving to measure the electrocardiogram 
of a user . This electrocardiograph measuring part 1 may be any means capable 
of measuring the R-R interval of the electrocardiogram. For instance t -the 
electrocardiograph measuring part may be a simple wrist-watch type heartbeat 
sensor. Reference numeral 2 is an awakening degree deciding part to decide 
the degree of awakening of the user on the basis of the measured cardiogram. ^ 
The awakening degree deciding part 2 comprises storing means for storing**' 
in time series the R-R interval of the electrocardiogram measured in the 
electrocardiograph measuring part 1, FFT (fast Fourier transform) means v ' 
for performing a frequency analysis to the fluctuating spectrum of the stored '■'•* 
R-R interval of the electrocardiogram, means for measuring power of about 
0.1 Hz and power of about 0 . 3 Hz from the results of the frequency analysis 
and numerically expressing the active states of a sympathetic nerve and 
a parasympathetic nerve respectively and means for numerically expressing 
the degree of awakening of the body on the basis of the balanced relation 
between the active states of the sympathetic nerve and the parasympathetic 
nerve . 
[0010] 

Reference numeral 3 designates an environment control part which 
controls an environment such as circumference illuminance, hot heat, 
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fragrance, an air current, etc. on the basis of the degree of awakening 
of the user obtained in the awakening degree deciding part 2. Thus, the 
environment is changed to slightly, increase the degree of awakening when 
the degree of awakening of the user is slightly decreased. On the contrary, 
when the degree of awakening is increased, the environment is changed to 
slightly decrease the degree of awakening. Thus, one feedback system 
including the user is formed. Accordingly, in the present invention, the 
degree of awakening of- the- -user- can be controlled to constantly come near — 
to an optimum value . 
[0011) 

Reference numeral 4 designates an alarm display part which supplies^, 
a display of alarm to the user when the degree of awakening of the user-t 
is extremely low. That is, when the degree of awakening of the user is 
outstandingly deteriorated, it is decided that the increase of the degrees 
of awakening cannot be obtained by controlling the environment, and the 
user is rather advised to recover a fatigue by taking rest or using a refreshing 
room. Such a construction can result in the improvement of labor 
effectiveness . 
[0012] 

Fig. 2 is an explanatory view of the R-R interval of the 
electrocardiogram. The R-R interval of the electrocardiogram indicates 
the interval of an R wave and an R wave as the sharpest peaks of one cycle 
of the electrocardiogram. In the electrocardiogram, there exist a plurality 
of characteristic waves except the R waves. In this embodiment, the R waves 
are objects to be measured in view of easiness in measurement and relation 
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to an autonomic nerve. 
[0013] 

Fig. 3 shows the time series of the R-R interval of the 
electrocardiogram as one example. A power spectrum obtained by performing 
a frequency analysis to the time series of the R-R interval is shown in 
Fig. 4. RSA (respiratory sinus arrhythmia) of about 0 . 3 Hz represents the 
active state of the parasympathetic nerve and MWSA (myer wave arrhythmia) . 
-of about 0*1 -Hz represents both- the active states of the- sympathetic- nerve 
and the parasympathetic nerve . In this embodiment, the myer wave arrhythmia 
MWSA is divided by the respiratory sinus arrhythmia RAS to estimate thet 
activity of the sympathetic nerve and consider it to be the degree of awakening.*.' 
Otherwise, the difference between the activity of the sympathetic nerves % 
and the activity of the parasympathetic nerve is calculated to consider 
it to be the degree of awakening. 
[0014 ] 

Fig. 5 is a conceptual explanatory view of the respiratory sinus 
arrhythmia and the myer wave arrhythmia. As apparent from this figure, 
the heartbeat pacemaker for determining the cycle of heartbeats receives 
the double control of the sympathetic nerve (heart sympathetic nerve) and 
the parasympathetic nerve (heart vagus nerve) having actions opposite to 
each other and is controlled under the balanced state of both the nerves . 
To the heart, the sympathetic nerve has a promoting action and the 
parasympathetic nerve has a suppressing action. To a bronchial muscle, 
the sympathetic nerve has a relaxation action and the parasympathetic nerve 
has a contracting action. To a blood vessel, the sympathetic nerve has 



a contracting action to raise blood pressure and the parasympathetic nerve 
has an expanding action to lower blood pressure. Accordingly, the 
fluctuation of the heartbeats has a prescribed relation to a respiratory 
fluctuation or a blood pressure fluctuation. The power spectrum of the 
fluctuation of the R-R interval of the heartbeats is analyzed to recognize 
the degree of tension of the sympathetic nerve and the parasympathetic nerve . 
Ordinarily, while the sympathetic nerve acts to enhance the activity of 
the body > the parasympathetic- nerve acts to recover the fatigue of-the-body . 
Therefore , the active states of the sympathetic nerve and the parasympathetic 
nerve are recognized to understand the degree of awakening of the body. 



[Fig. 1] 

1. electrocardiograph measuring part 

2 . awakening degree deciding part 

3. environment control part 

4 . alarm display part 
[Fig. 2] 

a. R-R interval 

[Fig.- 3} - -< ... ,. - ... - .,- 

a . t ime 
[Fig. 4] 

a . about 0 . 1 Hz 

b. about 0.3 Hz 
[Fig. 5] 

a. expansion of thorax 

b. respiration 

c. respiratory suppression center , heart suppression and excitement center ; 

central nerve 

d. parasympathetic nerve 

e. heart vagus nerve 

f. sympathetic nerve 

g. heart sympathetic nerve 

h. heartbeat pacemaker 

i. blood vessel motor 
j . blood pressure 
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